Background-Exercise testing has become an important tool in the diagnosis and treatment of restrictive lung disease. The reproducibility of variables measured during exercise testing was examined in subjects with stable restrictive lung disease. Methods-Six subjects, who had never previously undergone exercise testing, each underwent three maximal incremental exercise studies on a bicycle ergometer conducted during a 28 day period. Results-Data collected at rest, before exercise, were not significantly different during the three study days. Comparison of results at the end of the exercise tests from the three studies also revealed no evidence of a significant learning effect. Reproducibility of exercise performance by subjects was assessed by the coefficient of variation. The mean within subject coefficient of variation at the end of the exercise tests was 5'6% for work rate, 7-9% for exercise duration, and 9 5% for dyspnoea. The mean within subject coefficient of variation obtained at the end of the exercise tests was 5-3% for oxygen uptake (Vo2), 2-5% for oxygen saturation (Sao,), 4-0% for heart rate (HR), 5.5% for minute ventilation (VE), 5-8% for respiratory frequency (f), and 4'6% for tidal volume (VT). The mean within subject coefficient of variation at 40% and 70% of maximal work rates for Vo, was 5-7% and 5-6% respectively, for Sao, 13% and 1-5%, for HR 4*8% and 4 0%, for VE 6-3% and 6-6%, for f 101% and 7S8%, and for VT 6X0% and 4-5%. Conclusions-Variables measured during clinical exercise testing in subjects with restrictive lung disease are highly reproducible. No significant learning effect was found on repeated testing in subjects who had never previously undergone exercise testing. (Thorax 1993;48:894-898) 
Abstract
Background-Exercise testing has become an important tool in the diagnosis and treatment of restrictive lung disease. The reproducibility of variables measured during exercise testing was examined in subjects with stable restrictive lung disease. Methods-Six subjects, who had never previously undergone exercise testing, each underwent three maximal incremental exercise studies on a bicycle ergometer conducted during a 28 day period. Results-Data collected at rest, before exercise, were not significantly different during the three study days. Comparison of results at the end of the exercise tests from the three studies also revealed no evidence of a significant learning effect. Reproducibility of exercise performance by subjects was assessed by the coefficient of variation. The mean within subject coefficient of variation at the end of the exercise tests was 5'6% for work rate, 7-9% for exercise duration, and 9 5% for dyspnoea. The mean within subject coefficient of variation obtained at the end of the exercise tests was 5-3% for oxygen uptake (Vo2), 2-5% for oxygen saturation (Sao,), 4-0% for heart rate (HR), 5.5% for minute ventilation (VE), 5-8% for respiratory frequency (f), and 4'6% for tidal volume (VT). The mean within subject coefficient of variation at 40% and 70% of maximal work rates for Vo, was 5-7% and 5-6% respectively, for Sao, 13% and 1-5%, for HR 4*8% and 4 0%, for VE 6-3% and 6-6%, for f 101% and 7S8%, and for VT 6X0% and 4-5%. Peak Vo, = 0.83 ht27 x (1 -0-007 age) x (1 -0 25S) where height (ht) is in metres and S is a factor taking account of gender (S = 0 for men and 1 for women). Predicted peak HR was calculated as'4:
Peak HR = 210 -0-65 age (years) Sense of dyspnoea was assessed by the modified Borg scale'5 at the end of exercise. All subjects were shown the Borg scale before exercise and familiarised with the scale. Subjects were then asked at the end of exercise: "How difficult is your breathing?" and asked to point with their finger to a number on the scale.
STATISTICAL ANALYSIS
Data collected at rest, at two matched submaximal work rates, and at the end of the exercise test were used in the analysis. The results used for the submaximal work rates were from work rates that most closely approximated 40% and 70% of Wmax from each subject's first exercise test. Comparisons were then made at matched work rates for the remaining studies.
Statistical significance of group mean data from the three experiment days was determined by repeated measures analysis of variance. The variability of subject results for the three experiments was assessed from the coefficient of variation. The coefficient of variation was derived by dividing the standard deviation by the mean.'6 Analysis of the Borg scale was performed using Wilcoxon's signed rank test'7; p < 0 05 was considered significant. The results are shown as mean (SD).
Analysis of our data showed that the sample size was sufficient to detect a 10% increase (0 -14 1/min) in peak Vo2 between the first and third exercise studies with 91% power. '8 Results All subjects completed each exercise test without any complications and no exercise test was terminated by the physician. All data collected for the study were used in the analysis and no subjects were excluded. Exercise performance was impaired in all subjects. The mean (SD) peak Vo, was 55%
(10%) (range 41-68%) of the age predicted normal value. The mean (SD) maximal HR was 81% (5%) of predicted. All subjects showed significant oxygen desaturation (mean (SD) 11% (5%), range 6-21%). The ratio of peak VE (mean of each subject's peak VE obtained from the three exercise studies)
to FEV, was 28 (7) for the group (range 17-35). Four subjects discontinued exercise because of leg fatigue, while two subjects stopped because of dyspnoea. cise for Vo2 was 5-3% (5 3-9 5% throughout exercise), for Sao2 was 2-5% (1 1-2 5% throughout exercise), and for HR was 4 0% (4-0-7-6% throughout exercise). The mean within subject coefficient of variation for the decrease in Sao2 during exercise was 17-3%
(not shown in fig) . Figure 2 shows the mean within subject coefficients of variation for VE, VT, and for f, also as a function of work rate. The mean within subject coefficients of variation for % at end of exercise was 5-5% (5.5-7.5% throughout exercise), for VT was 4-6% (4.4-6-8% throughout exercise), and for f was 5-8% (5-8-10-1% throughout exercise). Figure 3 shows the mean within subject coefficients of variation obtained at end of exercise for exercise duration, the Borg score, and for work rate. The mean within subject coefficient of variation for exercise duration was 7-2% (range 2-7-12-3%), for Borg scale was 9-5% (range 0-26 9%), and for work rate was 5-6% (range 0-13 6%). Individual results
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